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SYSTEMAND METHOD FOR SYNCHRONIZING 
PROCESSORS IN A PARALLEL PROCESSING 

ENVIRONMENT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to synchroni 

zation of processors, and more particularly to synchro 
nization for control of one processor by another, and 
still more particularly to synchronization for control of 
a slave peripheral processor by a host digital processor. 

2. Related Art 
In recent years, advances in speed and density of 

integrated circuit devices has led to similar advances in 
speed and computing power of processor devices. With 
these advances came a widespread use of processors in 
numerous applications. As an example of the increased 
usage of processors, consider the case of peripheral 
devices. Prior to the advent of low cost, powerful pro 
cessors, peripheral devices had no processing capacity 
of their own. Such devices were merely capable of 
responding to specific instructions from a host proces 
sor. With the advances described above, peripheral 
devices that utilize their own internal processors to 
achieve enhanced functionality are now available. Such 
peripheral devices are generally referred to as 'smart 
peripherals. 
When a computing system is provided with a smart 

peripheral, there is an interaction between the system's 
host processor and the peripheral's processor that can 
be described as a typical parallel processing relation 
ship. In a parallel processing system, multiple proces 
sors are interfaced in such a manner as to allow each to 
perform separate computing tasks, wherein each task is 
a subset of a larger, parent task. In the case of a smart 
peripheral, the peripheral processor carries out tasks 
that are a subset of the computing system's task. The 
host processor is responsible for controlling and syn 
chronizing the activities of the peripheral processor. 

Parallel processing systems often employ common 
memory, common I/O, and common busses that are 
shared by each of the processors. This too is the case for 
parallel processing with a peripheral processor. Sharing 
of such resources among multiple processors requires 
synchronization of the operations of each processor 
with respect to every other processor. 
With smart peripherals, the host processor may pro 

vide a variable number of operations for the peripheral 
processor to execute. Each of these operations may take 
a different amount of time to complete. To ensure that 
system resources and the peripheral processor itself are 
used in an efficient manner, the peripheral processor is 
synchronized by the host processor. Without such syn 
chronization, the host processor and the peripheral 
processor(s) lack the coordination necessary to deter 
mine when each can use a portion of the shared mem 
ory, or when each may have access to a shared bus. 

In conventional parallel processing systems, two gen 
eral methods are provided for utilizing shared re 
sources. The first method involves interrupts, or polling 
of a status register, or a combination of these tech 
niques. In polling, to determine when a resource (e.g. a 
bitmap in shared memory) is no longer required, or 
when a set of operations is complete, the processor 
repeatedly reads (polls) a status register. This polling 
continues until a specific event is detected in the status 
register indicating the availability of the shared re 
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2 
source. Such polling is done continuously and consumes 
a large amount of busbandwidth and requires a substan 
tial amount of processor time. Polling is therefore ineffi 
cient. For interrupt systems, a large amount of host 
processor context switch overhead is involved. 
The second method of utilizing shared resources is 

that of using memory semaphores. Semaphores are flag 
variable devices that indicate whether a shared resource 
can be accessed. In semaphore systems a particular 
message code, or semaphore, is placed in a particular 
memory location corresponding to the shared resource. 
The code notifies other processors of the status of the 
resource. In systems employing memory semaphores, a 
processor that is waiting on the availability of a particu 
lar resource (e.g. a shared memory region) must read 
the memory location containing the code relating to the 
status of that resource. If the semaphore indicates the 
resource is unavailable, the processor enters a wait 
state. The wait state is punctuated by periodic re-read 
ings of the memory semaphore. The status of repeated 
waits and reads is known as a "spin lock.” 
Thus in systems employing semaphore techniques, a 

specified memory location is used as a flag to indicate 
that something has completed or needs attention. Sema 
phores require uninterrupted read-modify-write capa 
bilities in the memory system. The mason an uninter 
rupted read-modify-write capability is required will 
now be described. In conventional systems using sema 
phores to control multiple processors, a type of proces 
Sor race condition can occur. If a processor is polling a 
semaphore location to determine resource availability it 
first reads that location. If the location contains a value 
indicating that the resource is busy, the processor con 
tinues periodic polling. If, however, the location con 
tains a value indicating that the resource is available, the 
processor must now modify the value and then write 
the modified value to the semaphore location. 

This technique, by itself, leads to problems when 
multiple processors are polling the semaphore location 
in the same time frame. If a first processor, as described 
above, reads the location and proceeds to modify and 
write the modified value to that location, a second pro 
cessor must be inhibited from doing the same as soon as 
the first processor has read the value. If the second 
processor is not inhibited, both processors will read the 
value indicating resource availability, both will believe 
they can access that resource, and both will attempt to 
modify that value and write to that memory location. 
The conventional technique used to overcome this 

problem is to inhibit processor interruptions during the 
entire read-modify-write operation. In this manner, if 
the host (master) is not capable of being interrupted 
during these operations, a second processor cannot 
attempt to claim a shared resource that is being claimed 
by a first processor. Such a system of allowing uninter 
ruptible read-modify-write capabilities leads to ineffi 
cient processor utilization. 
What is needed, then, is a system and method for 

controlling the use of slave peripheral processors with 
out inhibiting interrupts to the host processor during the 
read-modify-write sequence. 
What is further needed is an efficient method of de 

termining when a parallel processor no longer requires 
the use of a shared resource. What is needed is a method 
that does not continuously poll status registers or re 
quire uninterrupted read-modify-write capabilities. 
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SUMMARY OF THE INVENTION 

The present invention is directed to a system and 
method of synchronizing slave peripheral processors 
and their use of shared resources. A host processor, in 
executing a user process, determines that an operation is 
to be performed requiring processing operations by a 
slave peripheral processor. The host processor also 
determines that a shared resource must be utilized by 
the slave peripheral processor in carrying out this task. 
The host processor designates a location in memory 

to act as a signal location. The signal location is set up 
to hold a flag indicating the availability of the shared 
resource. The host processor initializes this location to a 
value indicating that the shared resource is unavailable. 
For each shared resource required, an associated signal 
location is designated. Thus the use of multiple shared 
resources can be controlled. 
The host processor then instructs slave peripheral 

processor to carry out the designated task. The slave 
peripheral processor is assigned the shared resource to 
use in executing the task. 
The slave peripheral processor is also instructed to 

store a specified status value in the signal location corre 
sponding to the shared resource used in executing the 
task. The specified value replaces the initial status value 
and is to be stored in the appropriate signal location 
only after the slave peripheral processor no longer 
needs the associated shared resource in executing the 
task. Presence, then, of the specified value in the signal 
location indicates that the associated shared resource is 
free for other uses. 
The host processor begins polling the signal location 

to determine if the slave peripheral processor no longer 
requires the use of that signal location. The host proces 
sor does not begin polling until two events occur. The 
host processor does nothing until: (1) it requires use of 
the shared resource for another task; and (2) the user 
process indicates that it no longer needs that shared 
eSOC. 

After these two events occur, the host processor polls 
the signal location associated with the assigned shared 
resource on a periodic basis. The polling is done to 
determine if the shared resource is available for other 
uses or if it is still required by the slave peripheral pro 
cessor for the assigned task. If a signal location still 
contains the initial status value, the associated shared 
resource is still required by the slave peripheral proces 
sor. If, on the other hand, a signal location contains the 
specified value, the associated shared resource is avail 
able for use in other tasks. 

In a system where multiple shared resources (or 
groups of shared resources) are designated for use by a 
slave peripheral processor, multiple signal locations are 
created. Each shared resource (or group of shared re 
Sources) is designated a corresponding signal location. 
At the commencement of a designated task, the host 
processor loads the initial value into each of these signal 
locations. The host then polls each of these locations 
individually once the above two conditions have been 
met for each location to determine the availability of the 
shared resources on an individual basis. 
A key feature of the present invention is that the host 

processor only needs to designate a signal location 
when a shared resource is designated to be used by a 
slave processor. 
A further feature of the invention is that the host 

processor only needs to begin polling the signal location 

5 

O 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

60 

65 

4 
when the host requires that resource for another task 
and the user process (or application) using that resource 
no longer requires that resource. Thus, the host proces 
sor does not continuously poll the signal location. 

Since the slave peripheral processor is only using 
resources specified by the host processor, the host can 
pre-set memory locations to known values. When the 
host needs to know when a resource or set of resources 
is no longer needed, such as for memory "garbage col 
lection' or dynamic paging of memory data to disk, it 
allocates a location in memory as a signal location. A 
signal location is thus polled only when the associated 
shared resource is assigned to a slave peripheral proces 
Sor, and when the resource is needed by the host proces 
sor for another task. 
Memory garbage collection refers to sorting and 

reallocating information stored in memory to de-frag 
ment that memory. In advanced operating system envi 
ronments, memory is allocated and de-allocated for 
different purposes as needed. Because memory is allo 
cated in "chunks,” memory often becomes fragmented. 
Often, this results in pieces of related information stored 
in different areas of memory. Garbage collection refers 
to sorting and reallocating memory more efficiently so 
that memory is no longer fragmented. This is important 
especially where system hardware cannot use frag 
mented memory. 
Another feature of the present invention is that con 

tinuous read-modify-write capabilities are not required. 
According to the present invention, the host processor 
first initializes the designated signal location. This is a 
write only step. After it is initialized, the slave processor 
only needs to write to the location and the host proces 
sor only needs to read the location. No processor is 
performing a read-modify-write sequence at any time. 
A further feature of the present invention is that a 

graphics processor (slave peripheral processor) can be 
used to draw into system memory using standard graph 
ics instructions. The graphics processor can modify a 
word in system memory as if that word were part of a 
pixmap. Using the present invention, a region in system 
memory can be allocated to the graphics processor for 
Such a use. This allows the graphics processor to use 
existing drawing operations to draw on system memory. 

Further features and advantages of the present inven 
tion, as well as the structure and operation of various 
embodiments of the present invention, are described in 
detail below with reference to the accompanying draw 
lingS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a high level block diagram illustrating the 
invention in an environment having a host processor 
and a peripheral processor. 

FIG. 2 is a flow chart illustrating the method of pro 
cessor synchronization according to the present inven 
tion. 
FIG. 3 is a block diagram of an example implementa 

tion of the present invention using a graphics processor 
as a parallel processor. 
FIG. 4 is a flow chart illustrating the method of pro 

cessor Synchronization according to the example imple 
mentation illustrated in FIG. 3. 

In the drawings, like reference numbers indicate iden 
tical or functionally similar elements. Additionally, the 
left-most digit of a reference number identifies the 
drawing in which the reference number first appears. 
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DETALED DESCRIPTION OF THE 
INVENTION 

1. Overview and Discussion of the Invention 
The present invention is directed to a system and 

method for synchronizing the control of a slave periph 
eral processor by a host (master) processor in a parallel 
processing environment. More specifically, the present 
invention has been developed for controlling a VLSI 
(very large scale integration) graphics processor. 
According to the present invention, the slave periph 

eral processor is under the control of the host processor. 
The host processor controls when the slave peripheral 
processor can perform operations requiring the use of a 
shared resource-typically a memory location or a 
graphics object described by a pixmap stored in a series 
of memory locations such as a frame buffer. Thus, the 
host processor can control when the shared resource is 
accessed and modified and when the slave peripheral 
processor can access and modify it. As a result, continu 
ous polling and uninterrupted read-modify-write capa 
bilities, as required by conventional techniques, are not 
required. 

FIG. 1 is a high level block diagram illustrating the 
invention in an environment having a host processor 
and a slave peripheral processor. Referring to FIG. 1, a 
host processor 102 shams computing responsibilities 
with a slave peripheral processor 104. Host processor 
102 and slave peripheral processor 104 sham a shared 
resource 108. Shared resource 108 is typically a pixmap 
residing in a system memory, or more specifically, a 
graphics object stored in those memory locations. Note 
that shared resource 108 could be any resource to be 
shared between host processor 102 and slave peripheral 
processor 104, or a plurality of slave peripheral proces 
sors 104. 
A signal location 110 is associated with each shared 

resource 108 and is provided to hold a status value 
indicating the availability of shared resource 108. Addi 
tionally, signal location 110 can be associated with a 
group of shared resources 108. In a preferred embodi 
ment, signal location 110 is designated as a location in 
system memory. In alternative embodiments, signal 
location 110 could be a location in off-screen memory of 
the system frame buffer. This alternative is less efficient. 

Signal location 110 is a location in memory desig 
nated at the time each task is assigned to a slave periph 
eral processor. This method allows maximum memory 
utilization flexibility. In an alternative embodiment, 
signal locations could be established for each shared 
resource up-front, at the time overall system memory 
allocation occurs. 
FIG. 2 is a flow chart illustrating the operation of the 

present invention. Referring to FIGS. 1 and 2, the oper 
ation of the present invention will be generally de 
scribed. 

In this patent document, the term pixmap refers to a 
rasterized image stored in memory, wherein each pixel 
of the image comprises a single bit or a set of bits. When 
each pixel comprises only a single bit, the pixmap can be 
referred to as a bitmap. For each display pixel, a plural 
ity of bits are designated to store digital information 
comprising display characteristics such as color (e.g. 
red/green/blue), intensity, clipping (for windows), and 
depth (for 3D graphics). 
A user process (not shown), such as an application 

program, running in the processor system, requires that 
an object be generated or modified (generally referred 
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6 
to as modified in this document in a window on a dis 
play screen. The user process directs the host processor 
to modify the object per instructions. The object is 
represented by a pixmap located in a region of system 
memory. In this example, the pixmap is shared resource 
108. 

In raster graphics systems, a digital bitmap of each 
display screen is stored in a frame buffer. For each of 
the display pixels, a plurality of bits are designated to 
store digital information comprising display character 
istics such as color (e.g. red/green/blue), intensity, 
clipping (for window ID's), and depth (for 3D graph 
ics). Thus, for each frame buffer, a block of frame buffer 
memory is set aside for use by slave peripheral proces 
SO 508. 
The user process is done with the object when the 

user process no longer requires the object to be dis 
played in the window, when the window is no longer to 
be displayed, or when the user process is ready to allow 
another process to modify the object. When the user 
process is done with the object it informs the host pro 
cessor. At this time, user process no longer cares what 
is done with respect to the object and hence what is 
done with shared resource 108. 

In a step 202, host processor 102 receives instructions 
from a user process to modify an object to be displayed. 
The object is a pixmap residing in the system frame 
buffer. 

In a step 204, host processor 102 designates a location 
in memory as a signal location 110 to correspond to 
shared resource 108 (the pixmap) that is to be modified 
by slave peripheral processor 104. Host processor also 
initializes this signal location 110 to an initial value that 
is a known state (e.g., all zeros). 

In a step 206, host processor 102 passes a command 
along bus 122 instructing slave peripheral processor 104 
to perform a predefined operation. The predefined op 
eration requires use of shared resource 108. Host pro 
cessor 102 also commands slave peripheral processor 
104 to modify signal location 110 to a specified value 
when the operation is complete, or when shared re 
source 108 is no longer needed by slave peripheral pro 
cessor 104. 
As an example, consider the operation of updating an 

object drawn in a window on a display terminal. The 
object in this example is a pixmap of a raster image held 
in a region of system memory. Host processor passes a 
command to slave peripheral processor 104 to perform 
the graphics operation. Host processor 102 instructs 
slave peripheral processor 104 that the object to be 
updated resides in a specific memory location range. 
Additionally, host processor 102 needs to know when 
slave peripheral processor 104 has completed the opera 
tion. Therefore, host processor 102 instructs slave pe 
ripheral processor 104 to update signal location 110 
associated with the pixmap. 

In a step 208, when the host processor has another use 
for shared resource 108 and when the client process is 
done with the pixmap (as described above), host proces 
sor 102 begins polling signal location 110 periodically. 
In an embodiment of the invention, such polling is per 
formed at regular, periodic intervals. 
The reason host processor 102 does not begin polling 

signal location 110 sooner is that until these two condi 
tions have occurred, there is no other need for shared 
resource 108. Thus, host processor is not unnecessarily 
polling signal location 110 and consuming bus band 
width and processor operations. 
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In polling signal location 110, host processor 102 is 
attempting to determine whether slave peripheral pro 
cessor 104 no longer needs to use shared resource 108. 
If signal location 110 contains the known state as initial 
ized by host processor 102 in step 204, slave peripheral 
processor 104 still needs use of shared resource 108 and 
the operation continues at a step 210. 

If, however, signal location 110 contains the specified 
value to which slave peripheral processor 104 was in 
structed to update upon completion of the operation, 
then host processor 102 knows shared resource 108 is 
available for other uses, and the process is complete. 

In step 210, when slave peripheral processor 104 
finishes the operation and no longer needs shared re 
source 108, slave peripheral processor 104 updates sig 
nal location 110 to the value specified by host processor 
102 in step 202. 

In a step 212, host processor 102 continues to periodi 
cally poll signal location 110 to determine if shared 
resource 108 is no longer needed by slave peripheral 
processor 104. Since slave peripheral processor 104 
finished the operation in step 208 and updated signal 
location 110 as instructed in step 202, the next subse 
quent poll of signal location 110 by host processor 102 
reveals that shared resource 108 is no longer needed by 
slave peripheral processor 104. 

Since host processor 102 controls the time at which it 
needs shared resource 108 and it knows when the user 
process is no longer needs the shared resource, and 
since host processor 102 controls when slave peripheral 
processor 104 can access shared resource 108, host pro 
cessor 102 does not have to continuously poll signal 
location 110. 
The scenario discussed with reference to FIGS. 1 and 

2 above was presented in terms of a single slave periph 
eral processor 104, a single shared resource 108 and a 
single signal location 110. It will be obvious to one of 
ordinary skill in the art how the present invention can 
be expanded to systems having more than one slave 
peripheral processor 104, and/or more than one shared 
resource 108 and signal location 110. 

Additionally, the present invention is useful when 
implemented in a pipeline system capable of out-of 
order instruction. Such an implementation is discussed 
in greater detail below. 

2. Example Implementation 
Contemporary graphics computing systems provide 

an environment wherein multiple client processes (ap 
plications) can run simultaneously. The client processes 
may each generate a graphics image and can display 
that image to a portion of the display. Typically, a win 
dowing technique is provided, wherein a defined por 
tion of the display (a window) is designated for a client 
process to display its image. 

Additionally, each client process may generate multi 
ple images, both two and three dimensional, and display 
these images in multiple windows. 
To obtain processing efficiencies required to generate 

3D graphics images for multiple client processes, graph 
ics systems use pipelining techniques and a technique 
called "context switching' or “task switching' for 
switching between multiple pipelines. Because the 
graphics processor can switch pipelines (stop process 
ing one pipeline and begin processing another), the host 
cannot simply set a timer to determine when the slave 
will complete a particular operation. 
FIG. 3 is a block diagram illustrating such a graphics 

system. Referring to FIG. 3, a client process 302 runs in 
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8 
the operating system environment of the computer sys 
ten. Client process generates graphics images. 

Multiple client processes 302 may exist concurrently. 
In this case, each client process 302 is capable of gener 
ating a graphics image to be displayed in a window on 
the display monitor. 

Client process sends a stream 322 of commands (in 
structions or requests) and data (referred to as 'com 
mand stream 322) to a graphics server 304 (or graphics 
driver). Graphics server 304 is a control process that 
manages client process 302 requests and controls the 
display hardware for multiple clients. Graphics server 
304 is implemented such that it is capable of managing 
multiple client processes 302. Client process 302, com 
mand stream 322, and graphics server 304 are well 
known in the art. An example of graphics server 304 is 
the X server in an X windows system. 
A host processor 306 is also provided. Host processor 

306 is capable of executing instructions received from 
graphics server 304. These instructions are received via 
signal path 324. 

In response to graphics server 304, host processor 306 
sends a pipeline 326 of instructions to a slave peripheral 
processor 308. Host processor 306 may send multiple 
streams of pipelined instructions to slave peripheral 
processor 308. These instructions tell peripheral proces 
sor 308 to generate or modify a graphics object as re 
quired by multiple client processes 302 or as required by 
multiple slaves 308 that operate in parallel. 

Multiple slave peripheral processors 308 may be pro 
vided to generate and modify graphics objects. It will 
be clear to one of ordinary skill in the art how the pres 
ent invention is used in such an alternative environment. 
The images drawn under the direction of client pro 

cess 302 are rasterized objects stored as pixmaps 310. 
The pixmaps 310 are stored in system memory 312. 
A location in system memory 312 is used by host 

processor 306 for designating signal locations 316 asso 
ciated with the pixmaps 310. Each pixmap 310 is pro 
vided with an associated signal location 316. 

In operation, the client processes require that an ob 
ject is to be drawn in a window on a display terminal. 
The client process sends command stream 322 to graph 
ics server 302. Graphics server 302 receives multiple 
command streams 322 from the various client processes 
that may be running. Command stream 322 is a pipe 
lined stream of commands. 
Graphics server 304 manages the tasks requested by 

client processes 302. 
Graphics server 304 sends instructions to host proces 

sor 306. The instructions are for carrying out the tasks 
required by client processes 302. Host processor 306 
interprets the instructions to carry out the task of draw 
ing the objects as required by client processes 302. 

Host processor 306 uses slave peripheral processors 
308 (VLSI graphics processors) to perform the actual 
graphics operations of generating and/or modifying the 
graphics object described by pixmap 310. Host proces 
sor 306 designates an area in system memory 312 as the 
pixmap 310 for each object to be generated and/or 
modified. For multiple objects, multiple pixmaps 310 
are often used. 
The invention keeps track of which pixmaps are dedi 

cated for use by a slave peripheral processor 308 and 
determines when a pixmap 310 is available. 

In advanced graphics systems, multiple slave periph 
eral processors 308 are employed to generate and/or 
modify multiple pixmaps 310. These advanced systems 
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often use pipelined slave peripheral processors 308 and 
a pipelined host processor 306. Slave peripheral proces 
sor 308 can use context switching to change from one 
pipeline to another. 

Because slave peripheral processor 308 can context 
switch, the host processor 306 does not necessarily 
know when slave 308 is done with the object. Therefore 
a technique is provided whereby host processor 306 
determines when slave peripheral processor 308 exe 
cutes the last instruction, modifying the object. 

FIG. 4 is a flow chart illustrating the operation of the 
invention in the environment of FIG. 3. Referring to 
FIGS. 3 and 4, the invention in this environment will 
now be described. In a step 402, host processor receives 
instructions via graphics server 304 from client process 
302. 

In a step 404, host processor determines which area in 
system memory 312 is to be utilized for pixmap 310 to 
be modified. Host processor 306 designates a signal 
location 316 in system memory 318. Signal location 316 
represents pixmap 310 and can be as small as a single bit. 

In a step 406, host processor 306 initializes signal 
location 316 to an initial value (e.g. all zeros). This 
initial value indicates that pixmap 310 is dedicated for 
use by slave peripheral processor 308. 

In a step 408, host processor 306 sends a pipeline of 
instructions to slave peripheral processor 308. If multi 
ple slave peripheral processors 308 are utilized, each 
may receive a pipeline of instructions. 

Included with these instructions are commands for 
drawing the object in pixmap 310, and a command tell 
ing slave peripheral processor to load a specified value 
into signal location 316 when slave peripheral processor 
308 no longer needs to write to pixmap 310. 
The specified value (e.g. all ones) indicates to host 

processor 306 that slave peripheral processor no longer 
needs pixmap 310. 

In a step 410, host processor eventually determines 
that it would like to use the memory 312 required by 
pixmap 310 for another purpose. A number of means 
can be employed for making this determination. For 
example, the host processor, through a virtual memory 
controller, may allocate that specific portion of memory 
for another purpose. 

Also in step 410, host processor 306 determines that 
client process 302 is done with pixmap 310. For exam 
ple, one means for making this determination may be 
host processor's 306 receipt and interpretation of a com 
mand from client process 302 indicating that it no 
longer needs pixmap 310. As an alternative example, 
graphics server 304 may determine that the memory 
location is required to create a new pixmap and thus 
reallocate the memory location and inform host proces 
Sor 306. 

In a step 412, after step 410, host processor 306 begins 
polling signal location 316. The polling is done at regu 
lar periodic intervals. Host processor 306 is polling to 
determine whether signal location 316 contains the 
specified value (i.e. to determine whether slave periph 
eral processor 308 no longer needs pixmap 310). Note 
that step 412 does not occur until after both conditions 
of step 410 are met. 

In a step 414, slave peripheral processor 308 com 
pletes its operation and loads signal location 316 with 
the specified value. 

In a step 416, in the next polling operation, host pro 
cessor 306 determines that pixmap 310 is free for other 
SS 
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According to the invention, neither continuous pol 

ling nor uninterrupted read-modify-write capabilities 
are required. Since host processor 306 does not begin 
polling until after the two conditions of step 410 are 
met, host processor 306 does not waste valuable time 
polling signal location 316 needlessly. 

Additionally, since host processor only has to read 
signal location 316 (once initialized) and slave periph 
eral processor 308 only has to write to signal location 
316, both processors can continue to handle interrupts 
throughout execution. 

3. Conclusion 
While various embodiments of the present invention 

have been described above, it should be understood that 
they have been presented by way of example only, and 
not limitation. Thus, the breadth and scope of the pres 
ent invention should not be limited by any of the above 
described exemplary embodiments, but should be de 
fined only in accordance with the following claims and 
their equivalents. 
What is claimed is: 
1. A method for allowing a host processor to control 

the use of a shared resource when a slave peripheral 
processor executes an operation in a client process re 
quiring the use of said shared resource, comprising the 
steps of: 

(a) assigning a signal location in system memory for 
storing a value indicative of the availability of said 
shared resource; 

(b) setting an initial value at said signal location indi 
cating that the slave peripheral processor requires 
the use of the shared resource to perform said oper 
ation; 

(c) instructing the slave peripheral processor to per 
form said operation in said client process requiring 
use of the shared resource; 

(d) determining whether the host processor has an 
other use for the shared resource other than said 
operation performed by the slave peripheral pro 
cessor; 

(e) determining whether the client process needs the 
shared resource for a further operation; 

(f) updating the value at said signal location to a spec 
ified value when the slave peripheral processor no 
longer requires use of said shared resource in said 
operation; and 

(g) checking whether said specified value is in said 
corresponding signal location to determine if said 
slave peripheral processor no longer requires said 
shared resource, wherein said checking step is per 
formed when the host processor is determined in 
said determining step (d) to have another use for 
the shared resource and the client process is deter 
mined in said determining step (e) to no longer 
need the shared resource. 

2. The method of claim 1, further comprising the step 
of commanding the slave peripheral processor which 
specific shared resources of a group of shared resources 
are to be used to perform said operation in said client 
process. 

3. The method of claim 1, further comprising the step 
of freeing said shared resource from use by the slave 
peripheral processor after said value updating step (f) 
when the slave peripheral processor no longer requires 
the use of said shared resource. 

4. The method of claim 1, wherein said slave periph 
eral processor begins executing said operation after said 
instructing step (c), and wherein said updating step (f) 
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comprises the step of storing said specified value in said 
signal location when said shared resource is no longer 
required by said slave peripheral processor for execut 
ing said operation. 

5. The method of claim 1, wherein said setting step 
(b) comprises writing said initial value at said signal 
location in system memory in accordance with a write 
instruction from said host processor and said updating 
step (f) comprises writing said specified value at said 
signal location in system memory in accordance with a 
write instruction from said slave peripheral processor, 
whereby said host processor can issue an interruptible 
sequence of instructions for reading, modifying, and 
writing said initial and specified values at said signal 
location in system memory. 

6. A system for synchronizing use of a shared re 
source a host processor and by a slave peripheral pro 
cessor when said slave peripheral processor uses said 
shared resource to perform an operation in a client 
process, comprising: 

a system memory having a memory location for stor 
ing a value indicating the availability of said shared 
resource; 

first means, coupled to said host processor, for deter 
mining whether said host processor requires said 
shared resource for another purpose other than 
said operation in said client process; and 

second means, coupled to said host processor, for 
determining whether the client process needs the 
shared resource for a further operation; 

wherein said host and slave peripheral processors are 
each coupled to said memory location, 

said host processor stores an initial value at said mem 
ory location indicating that the slave peripheral 
processor requires use of said shared resource to 
perform said operation in said client process; 

said slave peripheral processor stores a specified 
value at said memory location when said slave 
peripheral processor has finished using said shared 
resource in said operation in said client process; 

and said host processor polls said memory location 
when said first means determines that said host 
processor requires said shared resource for another 
purpose other than said operation in said client 
process and when said second means determines 
that said client process does not need the shared 
resource for a further operation. 

7. The system of claim 6, further comprising a 
graphic server, coupled to said host processor, config 
ured to manage multiple client processes. 

8. The system of claim 7, wherein said graphics server 
comprises an X server. 

9. The system of claim 6, wherein said slave periph 
eral processor comprises a VLSI graphics processor. 

10. The system of claim 6, wherein said shared re 
source comprises a pixmap. 

11. The system of claim 6, wherein said shared re 
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source comprises a buffer of instructions in a region of 60 
memory. 

12. The system of claim 6, wherein said shared re 
source comprises a block of memory. 

13. The system of claim 6, wherein said shared re 
source comprises a region of a system frame buffer. 65 

12 
14. A system for synchronizing use of a shared re 

source by a host processor and by a slave peripheral 
processor when said slave peripheral processor uses 
said shared resource to perform an operation in a client 
process, comprising: 

a system memory having a memory location for stor 
ing a value indicating the availability of said shared 
resource; 

a graphics server, coupled to said host processor, 
configured to manage multiple client processes and 
to provide instructions to said host processor re 
garding each of said multiple client processes; 

first means, coupled to said host processor, for deter 
mining whether said host processor requires said 
shared resource for another purpose other than 
said operation in said client process performed by 
said slave peripheral processor; and 

second means, coupled to said host processor, for 
determining when said client process no longer 
needs said shared resource for a further operation; 
and 

a bus for communicating instructions from said host 
processor to said slave peripheral processor; 

wherein: 
said host and slave peripheral processors are each 
coupled to said memory location; 

said host processor stores an initial value at said mem 
ory location indicating that the slave peripheral 
processor requires use of said shared resource to 
perform said operation in said client process and 
said slave peripheral processor stores a specified 
value at said memory location when said slave 
peripheral processor has finished using said shared 
resource in said operation in said client process; 

and said host processor polls said memory location 
when said first means determines that said host 
processor requires said shared resource for another 
purpose other than said operation in said client 
process and when said second means determines 
that said client process does not need the shared 
resource for a further operation; 

whereby, said host processor can receive an interrupt 
after storing said initial value and does not have to 
continuously poll said memory location. 

15. The system of claim 14, wherein said slave periph 
eral processor comprises a VLSI graphics processor. 

16. The system of claim 14, wherein said shared re 
Source comprises a pixmap. 

17. The system of claim 14, wherein said shared re 
source comprises a buffer of instructions in a region of 
memory. 

18. The system of claim 14, wherein said shared re 
source comprises a block of memory. 

19. The system of claim 14, wherein said shared re 
source comprises a region of a system frame buffer. 

20. The system of claim 14, wherein said graphics 
server comprises an X server. 

21. The system of claim 14, wherein said second de 
termining means includes at least one of a means for 
receiving and interpreting a command in said client 
process which indicates that said client process no 
longer needs said shared resource and a means for re 
ceiving notification from said graphics server that said 
graphics server has reallocated said shared resource. 
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